Introduction {#sec1_1}
============

While WT is the most common kidney malignancy in children with a yearly incidence of about 1 per 100,000, intravascular manifestation is a rarity, occurring in only about 3 to 10% of WT cases \[[@B1]\]. About a third of these reach the right cardiac atrium and only singular cases have been reported to reach beyond the tricuspid valve into the right cardiac ventricle \[[@B2], [@B3], [@B4], [@B5]\], making it even rarer than bilateral WT, which occurs in 4--13% of patients \[[@B6]\]. The rarity of this condition is especially underlined by the SIOP93--01 and SIOP2001 studies (Societe internationale D\'oncologie pediatrique): Of a total number of 1,151 patients with 33 exhibiting intravascular WT growth, not a single case extended to the right cardiac ventricle \[[@B1]\]. Overall 5-year survival rates in WT patients are about 90%, including about 70% for metastatic disease \[[@B7]\]. WT with intravascular extent has been shown to primarily metastasize in only about 50% of cases and nearly 80% of vascularly extended WTs show the favorable intermediate risk histology while only 15% fall into the high risk group \[[@B1]\].

A staging system for intravascular WT growth was introduced 1994 by Daum et al who adopted previous scores from renal cell carcinoma (stages 1--4: 1. renal vein; 2. VCI \[vena cava inferior\] beneath liver veins; 3. VCI extension to liver veins 4. intraatrial extension) and suggested application of cardiopulmonary bypass and deep hypothermia for stages 3 and 4 \[[@B8]\]. Abdullah et al later added stage 5 for intraventricular extension \[[@B2]\].

Case Presentation {#sec1_2}
=================

A 2.5-year old previously healthy and appropriately developed girl presented with a 1-week history of fatigue. One day prior to consultation of the family pediatrician she developed facial and leg edema, vomited once and was transferred to the pediatric emergency unit with suspected diagnosis of nephrotic syndrome. Urine analysis showed albuminuria of 1,624.0 mg/L (n \< 20). Upon initial physical examination she exhibited facial and leg edema, arterial hypertension with blood pressure of 152/112 mm Hg (percentile \> 99%), heart rates of about 160/min and a 3/6 systolic murmur with maximum intensity over Erb\'s point. There was no clearly palpable abdominal mass and initial laboratory analysis only showed mildly elevated LDH at 482 IU/L (n \< 364). Later determined NT-pro-BNP was highly elevated at 5,046 ng/L (n \< 125), NSE was at 171.4 µg/L (n ≤22), Vanillyl mandelic acid and homovanillic acid in urine analysis and broad screening for infectious diseases were within normal limits.

Abdominal ultrasound and echocardiography as well as subsequently performed MRI and CT-scans led to the radiology-based diagnosis of WT of the right kidney with continuous vascular growth up into the right cardiac ventricle (Fig. [1](#F1){ref-type="fig"}). Interestingly, intravascular tumor extent appeared as a sacciforme/tubular and perfused structure, freely commuting back and forth over the tricuspid valve (check online ultrasound videos; for all online suppl. material, see [www.karger.com/doi/10.1159/000496020](http://www.karger.com/doi/10.1159/000496020)). The patient was transferred to the oncological ward and treatment was initiated by four cycles of NAC with actinomycin D 45 µg/kg and vincristine 1.5 mg/m^2^, which quickly led to complete regression of upper venous congestion and tumor regression of about 75% (113 mL to 30 mL) with nearly complete regression of previously solid intravascular tumor extensions. Intravascularly, only a membrane-like structure persisted. Alongside this treatment, prophylactic heparinization was carried out to avoid appositional thrombus development and prophylaxis of VOD (veno-occlusive disease) was achieved via ursodesoxycholic acid.

6 weeks after the initial diagnosis, the abdominothoracic tumor resection was performed in a multidisciplinary team. The procedure was started abdominally with complete nephrectomy. Since it was not possible to completely mobilize the cranial tumor extensions via abdominal cavotomy, the cardiothoracic surgeons continued with median sternotomy and application of cardiopulmonary bypass and deep hypothermia to acquire bloodless operation conditions. The intracardiac tumor extension could be completely resected, but intrahepatic VCI showed short-segment vessel-adhesive tumor elements with retrograde growth into the liver veins, which could not be securely resected completely nor repaired with a pericardial patch, which led to a grading of SIOP-stage III instead of stage I due to intravascular R2-resection (Fig. [2](#F2){ref-type="fig"}). The operation was completed by lymphadenectomy of hiliary, infra- and suprarenal lymph nodes. Histological assessment revealed a nephroblastoma of intermediary malignancy (mixed type) with about 75% necrotic and 25% vital areas. Lymph nodes were tumor-free. Postoperative recovery was speedy with extubation on the first and transfer to the oncological ward on the fifth postoperative day. Postoperative treatment according to SIOP2001 included adjuvant chemotherapy (AV2) and involved-field-radiation of VCI-wall-adhesive tumor residues with a cumulative dose of 25.2 Gray. The patient currently remains in remission and good health under ongoing adjuvant chemotherapy.

Discussion {#sec1_3}
==========

The presented case highlights that even extreme vascular extent does not have to be synonymous with metastasized disease in WT, but can have a very favorable outcome, especially since most of intravascularly extending WTs exhibit the favorable intermediate risk pathology \[[@B1]\]. The presented case is particularly remarkable because of the uncommon morphology of the intravascular tumor extension as a sacciforme and perfused structure as well as the short segment retrograde growth into the liver veins and wall adhesion in that region. Despite of these features, there were no signs of primary metastasis and prognosis should be expected to be favorable \[[@B9]\]. Late complications such as radiation-associated atherosclerosis and thrombosis have been reported, but remain unlikely \[[@B10]\].

NAC has a special value in stabilizing such patients and in acquiring operability by downstaging and stabilizing tumor tissue. While there has been some debate between SIOP and NWTS (National Wilms tumor study group) investigators about advantages and disadvantages of NAC for WT \[[@B11], [@B12], [@B13]\], patients with intravascular WT growth should clearly receive neoadjuvant treatment, since -- just like our patient -- about 50% exhibit downstaging of about 50% or more, some of them even subtotal or complete regression, leading to improved operability and reduced perioperative complications, such as tumor rupture or significant hemorrhage \[[@B1], [@B7]\]. Nonetheless, preoperative complications during NAC such as pulmonary embolism or ARDS (acute respiratory distress syndrome) can occur, but remain rarities \[[@B14]\]. Data on increased wall-adhesiveness due to NAC is very limited and incomplete thrombus resection has not been found to be an adverse prognostic factor in the NWTS-4 study \[[@B14]\].

During NAC, patients should be monitored closely and rare complications such as traumatic tumor rupture or Budd-Chiari-syndrome can require emergency surgery so that interdisciplinary discussion including involvement of surgeons should be held soon as possible after initial diagnosis of intravascular WT manifestation \[[@B15]\]. Preoperatively, ultrasound and echocardiography have a special value in evaluating wall-adhesiveness by depicting mobility of intravascular tumor extent and thereby helping in multidisciplinary operative planning. Even intraoperatively, TEE (trans-esophageal echocardiography) can be very helpful in evaluating vascular tumor extent \[[@B14]\].

Since most molecular analyses on WTs focus on correlation to malignancy and tumor progression \[[@B16], [@B17]\], little is known about tumor biology of vascular WT extensions. The not significantly worse outcome indicates that responsible molecular features are distinct from purely pro-invasive or pro-proliferative mutations. Analyses of WT study group cohorts regarding distinct molecular patterns favoring vascular extension could shed more light on the basis of this phenomenon.
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![**A--C**. Coronal CT reconstruction in early venous phase after i.v. contrast application, depicting primary tumor and vascular extent. **D--F**. Ultrasound images in Doppler mode highlighting hepatoatrial transition (**D**) as well as atrial dilation and movement of the sacciforme intravascular tumor extension over the tricuspid valve into the right cardiac ventricle (**E** and **F**). All depicted images represent the initial diagnosis.](cro-0012-0033-g01){#F1}

![**A**. Intravascular tumor extensions along centimeter scale: \* subhepatic VCI; \*\* intrahepatic VCI; \*\*\* intracardiac. **B**. Dissected kidney along centimeter scale.](cro-0012-0033-g02){#F2}
